Introduction
Researchers who rely upon online data resources demand that these resources function intuitively. At the same time, researchers wish to expertly interact with the data available, but do not have much time to learn how to effectively and efficiently use some of the more complex tools available to them. In addition, not all researchers interacting with the data provided are aware of the caveats that should be known to properly interpret the data presented. Biological databases are required to satisfy different needs simultaneously in an integrated fashion. Database personnel must not only strive to continually create and recreate intuitive interfaces, but also train researchers to expertly use the more complex tools and datasets offered.
Towards this goal, we at MaizeGDB (1) strive to create intuitive interfaces, take steps to educate users and are determined to respond quickly to researchers' stated needs and feedback requests. To accomplish this, we track questions posed over time and use researchers' feedback to evaluate which tools within MaizeGDB seem least intuitive. Where possible, we update the interface and tools to increase ease of use. In cases where the complexity of the biological problem itself creates a complicated tool, we put effort into education and outreach. To educate our busy users, in this article we introduce our new online video tutorial web site and highlight the 'Using the MaizeGDB Genome Browser' video tutorial available at: http://tutorial.maizegdb.org/?p=365 to provide an example of the type of tutorials that can be developed by biological databases to improve the experience of their users. different location: L.C.H. in Albany and Berkeley, CA; M.L.S. in Columbia MO; J.M.G. in Tucson, AZ. The curators regularly interact with a diverse group of active maize researcher at their home location. While outreach is part of all MaizeGDB team members' jobs, one curator (LH) specializes in outreach, and makes up to three visits per year to universities and other research centers to give live interactive demonstrations of tools, tutorials and one-on-one help. These direct interactions have two distinct outcomes for researchers: first, they receive clear explanations on how to use non-intuitive aspects of the web site or its features. Second, researchers learn about tools and functionalities offered by MaizeGDB that they otherwise might not discover. At the same time, these interactions allow the curators to identify needs expressed by many researchers and articulate those needs to the MaizeGDB Team so that a plan for meeting stated needs can be developed and implemented.
Researchers attending on-site outreach workshops fill out evaluations of the quality and usefulness of the visit. Although the evaluations are very positive, the number of people that can be reached through these local events is limited. More than 500 researchers attend the Annual Maize Genetics Conference each year, and the number of maize 'Cooperators' is over 1600 at present (where Cooperators are researchers who have attended at least one Annual Maize Genetics Conference or who have specifically requested to become a maize Cooperator). In order to reach a wider audience, we recently began to create video tutorials that are accessible directly from the MaizeGDB home page. To identify areas that may be universally more difficult for researchers and thus would warrant the creation of a video tutorial, we compiled web site feedback gathered using the Request Tracker software (2) and cataloged the questions asked via all types of interactions. Such documentation is maintained internally. The bulk of questions asked over the past 3 years concern how the genome of inbred line B73 was sequenced, how this sequence can be accessed and used, and caveats for interacting with the data. In addition, responses to the Maize Genetics Executive Committee's 2010 survey of maize Cooperators documents (i) a need for increased support for training in maize genetics, genomics and bioinformatics and (ii) the continued development of an effective genome browser. These two items ranked among the top 10 resources, tools and suggestions needed to support current and future directions for maize research (http://maizemeeting.maizegdb.org/mgec-survey10/ analyze_final.php).
To reach more maize researchers, we created a new MaizeGDB video tutorial web site, which can be accessed from our homepage at http://www.maizegdb.org. For B73, we have created a total of five different video tutorials on the topic of how best to access and make use of the genome sequence. One video entitled 'Using the MaizeGDB Genome Browser' (available at: http://tutorial.maizegdb .org/?p=365) is described in detail below to provide an example of how biological databases can create video tutorials to improve the experience of their users and to meet researchers' stated education needs.
Developing a video tutorial
In the course of developing tutorial videos for the outreach web site, we have developed a set of guidelines for video creation:
(1) The creators of the videos must have expert knowledge of the subject matter. In the case of the 'Using the MaizeGDB Genome Browser' video, although scientific literature contains background information needed to create the video, much of the useful information was not published. Thus, personal interactions with the data generators, i.e. the Maize Genome Sequencing Consortium (MGSC) (3), by a biologist who understands the complexities of sequencing was essential. (2) Feedback from researchers who use MaizeGDB must be obtained and implemented before deployment of any video to gauge whether the video addresses expressed needs. We have gone back to people that have provided feedback, and to additional maize researchers and asked them how we can improve the tutorials before its official deployment. This activity has resulted in improvements to the tutorials each and every time. During outreach visits, it is clear that one has to provide scientific biological context when presenting new tools in order to emphasize their utility. For example, in demonstrating how to use MaizeGDB's 'Locus Lookup' tool (4), it is necessary to outline the basic steps of how to clone a gene in maize by 'walking' (5), then to explain how the Locus Lookup tool can automate analyses to determine which genomic segments are likely to contain the researchers gene of interest based only on genetic maps. By providing context with specific examples, researchers are able to learn not only how to use a tool, but what to use it for and, more specifically, how the tool can help their research. We use the same approach in our video tutorials. For example, in our 'Using the MaizeGDB Genome Browser' tutorial, almost half of the tutorial is background information about how the maize genome sequence was generated. This information is essential to understanding the data served in the MaizeGDB Genome Browser. In the case of the B73 reference genome sequence, many maize researchers do not know the details as to how the sequence was generated, nor the caveats that they must be aware of before making inferences based on the sequence. Methods employed to assemble the maize B73 sequence (6) involved prior knowledge from both physical and genetic maps (7, 8) , making the assembly process itself fairly complex.
Testing a video tutorial
The first draft of the tutorial 'How to use the MaizeGDB Genome Browser' was distributed to two groups: The scientists who generated the data (in this case the MGSC), and a group of willing beta testers drawn from researchers who have volunteered to help. We had two people from the MGSC (Sandra Clifton and Bob Fulton) to review the video, and received extremely helpful comments and improvements from them. After the factual content of the video was approved by the MGSC, we tested the 'understandability' of the video by showing it to approximately 35 maize researchers, asking for their suggestions, and incorporating those suggestions into the final product.
Content of the tutorial video: 'Using the MaizeGDB Genome Browser'
This video describes how the maize genome was sequenced, assembled and how the sequence can be viewed and used via the MaizeGDB Genome Browser and is accessible online at http://tutorial.maizegdb.org/?p=365. Here, we outline the type and level of information we provided in the video, which is divided into six different sections. Note that the text presented here is tied to the schematic movies in the video.
Understanding the B73 genome assemblies
The Maize B73 genome was sequenced in a bacterial artificial chromosome (BAC)-by-BAC approach. There are currently three B73 genome assemblies, each released incrementally as an improvement on the former release. First, the Missouri Mapping Project (8) created a BAC library from the maize B73 inbred. In addition, the project created high-resolution intermated B73 Â Mo17 (IBM) genetic maps (7), and used these maps to order the BACs relative to each other. The result was a series of overlapping BAC clones assembled in 'contigs'. This series of overlapping BACs was called the 'Fingerprint Contig' (FPC) map or 'the physical map' (7 
Creating a pseudomolecule
This part of the tutorial explains how the BACs and contigs were joined to make the pseudomolecule (again, a separate, more detailed video on this topic is available). Contigs and BACs are anchored to the Intermated B73 X Mo17 genetic map, which can usually provide order and orientation. Within a single contig, BAC sequences were merged based on strict criteria (!99% identity, and other criteria outlined in the video). Once BACs within a contig were assembled, the contigs were strung together to make up a pseudomolecule for each chromosome. The gaps between contigs are represented by 1000 'Ns' in the pseudomolecule, to distinguish this type of gap from the ones between pieces of sequence within each BAC (represented as 100 'Ns').
How these assemblies look on the MaizeGDB Genome Browser
For the video, after each description of how the assembly was generated, the display fades to a view of how the pseudomolecule is represented within the context of the MaizeGDB Genome Browser. Most maize researchers have used the MaizeGDB Genome Browser, so this is an attempt to relate the visuals researchers are accustomed to with the methods that were used for sequencing and assembly.
Entering the MaizeGDB Genome Browser
There are several ways to enter the Genome Browser from the MaizeGDB home page, and each is shown in this section of the video. Researchers can click on 'Genome Browser' on the home page, or use the simple search box at the top of any header or footer, and select 'genome browser' from the pull down menu. Another way to enter is through the MaizeGDB implementation of BLAST (10) .
Researchers can BLAST a sequence against a genome assembly then upload hits to the browser as a separate, private track. We also have additional outreach videos that spend several minutes going through exactly how to do this.
General features of the genome browser
We use GBrowse (11), and many of the features available within the MaizeGDB implementation of GBrowse are similar to those offered at other databases [e.g. Flybase (12) and TAIR (13)]. Several features are shown in the videos, including 'rubberbanding' your region of choice (i.e. choosing a specific region on the genome browser by clicking the mouse button and holding it down while selecting a region), how to get more information on the data in each track, collapsing and expanding tracks, making customized views, and more. In the next part of the tutorial, some lesser-known features of the MaizeGDB Genome Browser are discussed: these were included based upon specific questions we received from researchers. Examples include how to: download sequence files, bookmark a region, upload private tracks and share private tracks. At the end of the tutorial, viewers are invited again to submit questions anytime, and our contact information is given. ...................................................................................................................................................................................................................................................................................... ....
The tutorial views

Video tutorial web site usage
Our video tutorial web site contains videos aimed at all levels of researchers from undergraduates to experienced scientists. The idea is that if researchers have a question on a topic, they can view a video tutorial before asking for individual help. In Table 1 , the usage statistics for the video tutorial site are listed. In Table 2 , the usage statistics for the MaizeGDB web site proper are listed for comparison. In less than a year, the visits to the video site have increased 10-fold. The video tutorial web site has been advertised in two ways: (i) through email, verbal contacts and on-site demonstrations, as well as (ii) by adding links to the tutorials throughout the MaizeGDB web site. Recall ..................................................................................................................................................................................................................................................................................... .......................................................................................................................................................................................................................................................................................... that the estimated size of the maize research community is approximately 1600 people. From our usage statistics, it appears that users are looking at an average of 2-3 pages per visit, which means they are not just landing there and leaving.
Updating content
It is very important that video tutorials be kept current. For example, the second sequence assembly version for B73 (i.e. B73 RefGen_v2) was released by the MGSC in March 2010 (F. Wei et al., unpublished data), with the third assembly scheduled for June 2011 release (D. Ware, personal communication). With each genome release some caveats are no longer relevant, and new issues emerge. However, because researchers might already have research outcomes generated based on the previous versions of the assembly, MaizeGDB keeps all versions of the assemblies, as well as all versions of the tutorials, available for the benefit of the maize researchers. As new assemblies come out, we will create and add new tutorials as needed.
Methods for creating video tutorials
Videos were created on a Macintosh computer with OS X 10.5. Movie screen shots of the browser were created using Snapz Pro (Ambrosia). Animations of the genome assembly process were created using Keynote '09, version 5.0.4 (Apple). The movie was put together and sound equalized in iMovie 7 (in the iLife '08 suite, Apple). Videos are uploaded to Vimeo, and converted to a format viewable on the web. The http://tutorial.maizegdb.org/ page was made in Wordpress (http://wordpress.org). We roughly estimate that it took about two full time months ($340 personhours) to create this video-including time to create content and learn how to use the software listed here. Less time is spent on every new video as personnel become more experienced in creating them.
Conclusion
From how to operate a smartphone to posting items for sale via online auctions, videos for learning are becoming more pervasive. Video tutorials for outreach represent a quick and easy way for researchers to learn new tools with less frustration. We have learned which items at MaizeGDB require further explanation by directly interacting with our user group and offer various tutorials to meet their training and outreach needs. 
